A cryogenic measurement system capable of performing on-wafer RF testing of semiconductor devices and circuits has been developed. This "CryoProbe Station" can waferprobe devices and circuits at cryogenic temperatures, thus eliminating the need for wire bonds. 
INTRODUCTION
The ability to perform microwave tests at cryogenic temperatures is becoming vital.
Many RF devices must operate in low-temperature environments. These environments may be naturally occurring, such as in space, or, they may be created artificially for technologies such as, superconductors. In any case, RF circuits and their components, both active and passive, must be characterized at these temperatures. The resulting data is needed to properly design and implement cryogenic circuits. This is important, since the characteristics of most microwave components change significantly with temperature. Fortunately, the changes that occur at low temperatures are more often for the better.
It is now known that for many RF devices, characteristics such as: ft, f,,,max and gain [1, 2] , and noise figure (3, 4] improve at cryogenic temperatures. The main explanation for this can be found in Figure 1 . Figure 1 shows the Hall mobilities for several III-V materials.
The mobilities of these materials increase significantly in inverse proportion to temperature.
This means that the speed of devices fabricated from these materials increases at cryogenic temperatures, which explains the increase in ft and fmax. Higher mobilities also lead to improvements in noise figure.
In A full description of the system, including evacuation and cooling times is given. Also presented is some sample temperature-dependent S-parameter and noise figure data.
SYSTEM DESCRIPTION
A block diagram of the CryoProbe Station system is shown in Figure 3 . The system consists of the CryoProbe station, vacuum pumps, coolant system, and a microscope. The cooling times for both liquid nitrogen and helium are shown in Figure 5 . The HEMT structure that was analyzed is shown in Figure 6 . This material was grown by Spire Corporation using Metal-Organic Chemical Vapor Deposition (MOCVD) and the subsequent HEMT devices were fabricated by Texas Instruments 114). The devices had the following features: 0.25um gate lengths, 0.75um gate widths, approximately 300 mS/mm dc transconductance (g,,,), and cut-off frequency (ft) of 35 GHz. Figure 7 shows a typical graph of the minimum noise figure measured for these devices, when they were biased for minimum noise figure, at both room and cryogenic temperatures. This is a single side band measurement.
At higher frequencies, there is a significant improvement in the noise figure at 77K. In addition, the slope of the noise figure curves decrease from 0.09278 at room temperature to 0.0669 at 77K. This indicates that at cryogenic temperatures, this device's noise figure becomes less frequency dependent.
SUMMARY
A microwave, CryoProbe station has been developed that is capable of testing devices and circuits. The station can accommodate both large samples and separate calibration standards simultaneously. When liquid nitrogen is used, the system is ready to perform measurements in just over an hour after the evacuation begins. Cryogenic temperatures are created in a vacuum using either liquid nitrogen or helium. The system can easily be connected to an ANA and noise figure test equipment, to perform automated, temperature dependent measurements. 
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